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Abstract: The new legislation for laying hens in the European Union put a ban on
conventional cages. Production systems must now provide the hens with access to a nest, a
perch, and material for dust bathing. These requirements will improve the behavioral aspects
of animal welfare. However, when hens are kept with access to litter, it is a concern that
polluted air may become an increased threat to health and therefore also a welfare problem.
This article reviews the literature regarding the health and welfare effects birds experience
when exposed to barn dust. Dust is composed of inorganic and organic compounds, from
the birds themselves as well as from feed, litter, and building materials. Dust may be a
vector for microorganisms and toxins. In general, studies indicate that housing systems
where laying hens have access to litter as aviaries and floor systems consistently have higher
concentrations of suspended dust than caged hens with little (furnished cages) or no access
to litter (conventional cages). The higher dust levels in aviaries and floor housing are also
caused by increased bird activity in the non-cage systems. There are gaps in both the basic
and applied knowledge of how birds react to dust and aerosol contaminants, i.e., what levels
they find aversive and/or impair health. Nevertheless, high dust levels may compromise the
health and welfare of both birds and their caretakers and the poor air quality often found in
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new poultry housing systems needs to be addressed. It is necessary to develop prophylactic
measures and to refine the production systems in order to achieve the full welfare benefits of
the cage ban.
Keywords: furnished cages; loose housing; aviaries; behavior; health; laying hens
1. Introduction
The welfare of laying hens is of great concern to the European Commission, citizens, and the egg
industry [1,2]. The council directive 1999/74/EC put a ban on conventional cages in EU from 2012. The
directive improves laying hen welfare, especially their freedom to express behavioral priorities such as
laying eggs in a nest, dust bathing, and perching in enriched cages; and, in addition, wing flapping and
mobility in loose housing systems. There is no doubt that such allowances have a positive effect on vital
aspects of animal welfare in laying hens. These welfare benefits are well documented in several scientific
studies summarized by EFSA [1]. Canada and the United States are also considering a transition away
from battery cages [3,4].
However, the approved systems currently available for intensive large-scale egg production may
have negative side effects that cause other welfare problems, like increased risk of feather-pecking and
cannibalism, especially within non-cage systems [1]. Another important challenge and the theme of two
review articles in the current special issue on poultry welfare is the aerial environment.
This first article reviews the effects of air quality on the welfare of laying hens with regards to airborne
dust. In order to discuss the effects of aerial pollutants on the welfare of poultry, an introduction to the
concept of animal welfare is given. The aim is to ease the understanding of why different aspects of
welfare are valued differently by different people. Thereafter a brief description of specific features
of the avian respiratory system is given to better understand the effects of air pollutants. The effects
of ammonia in poultry houses are discussed in Part II: “Air Quality in Alternative Housing Systems
May Have an Impact on Laying Hen Welfare. Part II—ammonia” in this journal [5]. Where little
research has been published regarding laying hens, we refer to research done on other types of poultry,
mainly broilers.
2. The Concept of Animal Welfare
The Brambell Committee was one of the first to suggest a definition of animal welfare. This definition
later became known as “the five freedoms”: freedom (1) from hunger and thirst; (2) from discomfort;
(3) from pain, injury, or diseases; (4) to express normal behaviors; and (5) from fear and distress [6,7].
The World Organization for Animal Health (OIE) has adopted the following definition: “Animal welfare
means how an animal is coping with the conditions in which it lives. An animal is in a good state of
welfare if (as indicated by scientific evidence) it is healthy, comfortable, well nourished, safe, able to
express innate behavior, and is not suffering from unpleasant states such as pain, fear, and distress. Good
animal welfare requires disease prevention and veterinary treatment, appropriate shelter, management,
nutrition, humane handling, and humane slaughter/killing” [8]. According to Dawkins [9], assessment
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of animal welfare should be directed at answering two questions: Are the animals healthy? Do they get
what they want?
Depending on how animal welfare is understood, the underlying values of the interpreters, the
selection of indicators to study, and how differing and even contradicting evidence is weighed may
result in different conclusions regarding animal welfare [10,11].
Regarding laying hens, a main challenge is that increasing environmental complexity to improve
the hens’ possibility to express motivated behaviors could result in health problems and, consequently,
reduce welfare. In this special edition on poultry welfare, we describe the effects of dust (reported here)
and ammonia [5] on laying hen welfare, and we have focused on health implications and behavioral
studies related to the aerial environment in furnished cages and different loose housing systems.
3. Anatomy of the Avian Respiratory System
The structure of the avian respiratory system is unique among vertebrates [12]. Research on the effects
of air quality in mammals can therefore not be directly applied to poultry. Birds have small lungs that
do not change volume during breathing and nine large air sacs that act as bellows to ventilate the lungs,
while not directly participating in gas exchange [12]. The functional anatomy of the avian respiratory
system is very effective, allowing for gas exchange in the lungs both during inhalation and exhalation.
Birds can breathe through either the nares or the mouth. The trachea has complete cartilaginous rings,
in contrast to the incomplete rings of mammals, which are connected with a collapsible membrane. This
is considered an important feature of the mammalian cough, an effective mechanism for clearing debris
from the upper airway. It is uncertain whether the complete rings of the bird reduce the effectiveness
of coughing for clearing the passageways, but birds are observed to cough [13]. Each of the primary
bronchi enters the lung, and exits caudally into an abdominal air sac. Each primary bronchus gives rise
to four groups of secondary bronchi. Numerous tertiary bronchi (parabronchi) branch off within the
lung [14]. Gaseous exchange occurs in tiny air capillaries that form extensive networks interconnecting
the parabronchi, and there are no dead-end structures comparable to the alveoli of mammals [13]. The
transparent walls of the air sac are composed of a network of elastic fibers with some collagen. The air
sacs have systemic arterial supply but are poorly vascularized [13,15].
4. Categories, Sources, and Composition of Dust
Exposure to dust is commonly found to be greater in poultry houses compared to other animal
productions [16–19].
Dust is composed of small particles. The finer particles may easily be suspended in air. The size of
dust particles is often defined in terms of inhalable, thoracic, and respirable dust [20,21]. This description
is based upon its ability to reach the different parts of mammalian lungs. Using these definitions, a
respirable particle has a diameter of less than 4 [21] or 5 µm [20] and may pass all the way down to the
alveoli. Thoracic particles (5–10 µm) may pass the larynx and be found in the bronchioles. Inhalability
decreases gradually with increasing particle diameter. Inhalable particles are usually considered to be
bigger particles with diameters up to 100 µm. Inhalable particles may accumulate in the nostrils and in
the nasal cavity. In intensive animal production housing, the respirable fraction typically represents 5%
to 10% of the inhalable particles [20].
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It is debatable to what extent these definitions are valid for poultry. Early investigations of the anatomy
and mechanisms of the avian respiratory system used soot to determine the unidirectional gas flow
through the lungs [22,23]. The soot particles were deposited first in the caudal portion of the respiratory
system, thus being respirable. In 1982, these findings were confirmed using particles with a diameter of
0.45 µm [24]. Later investigations in poultry have determined that dust particles with a diameter from
3.7 to 7 µm settle in the anterior portions of the respiratory tract and thus are inhalable [25]. Smaller
particles (1.1 to 0.091 µm) may be found equally throughout the respiratory tract, including the lungs
and the air sacs [25], and can be described as respirable for poultry. Based on this, respirable dust
has a smaller diameter in birds compared to mammals. Corbanie et al. [26] performed experiments to
determine the effect of age on how far particles of different sizes penetrated the respiratory system in
broiler chicks. In 2- and 4-week-old chicks, particles with a size of 5 and 10 µm, respectively, were
too large to reach the lungs and air sacs. The difference found here is probably due to the differing size
of the airways. However, in day-old chicks particles up to 20 µm were found to reach the lungs and
air sacs. A possible explanation for this apparent contradiction is that the young chicks breathe through
their mouths initially and therefore do not benefit from the filter effect of the nares. This would also be
a relevant situation in hot conditions where birds pant with their mouths open in order to dissipate heat.
Dust in the poultry house is of both organic and inorganic origin, with birds and their sheddings being
the main source [27]. The inorganic dust originates from building materials such as concrete, metal,
mineral or fiberglass insulation, or material such as soil particles brought into the house by the fresh air
supply. In a study of a broiler facility, calcium from the feed was found to be the most common inorganic
dust component [28]. Magnesium, copper, iron, lead, and zinc were other feed or cage components found
in the airborne dust. However, in general, publications considering dust in animal housing have focused
on organic dust.
Included in the organic dust of poultry houses are feather and skin particles, feed components,
dried fecal matter, molds, fungi, bacteria and bacterial endotoxins, and viruses [29]. Koon et al. [30]
found that the organic dust from caged layers consisted of two distinct types of particulate matter. The
bulk of the matter was flat, flaky, and cellular in structure, with a diameter from 1 to 450 µm, some
containing droplets of oil, and was identified as skin debris and feed particles. The other matter was
long, cylindrical particles with nodes and internodes, identified as broken feather barbules. Both types
of dust contained electrostatic charges, causing them to clump and form aggregates. The dust contained
approximately 92% dry matter, of which 60% was crude protein, 9% fat, 4% cellulose, and the rest ash
and hydrocarbons.
Airborne particulates, referred to as bioaerosols, including bacteria, endotoxins, viruses, and fungi,
are also present in poultry houses [31,32], with dust often acting as a mechanical vector. Bacteria
include non-pathogenic and dead bacteria. Gram-positive bacteria are more widely represented than
Gram-negative in dust. Most authors have measured the total number of cultivable microorganisms and
less often quantify and identify the genus and species [33]. The main microorganism genera identified
are, for bacteria: Bacillus, Clostridia, Corynebacterium, Enterobacter, Flavobacterium, Pseudomonas,
Staphylococcus, and E. coli; and for fungi: Cladosporium, Penicillium, and Aspergillus are the most
common, but Alternaria, Fusarium, Geotrichum, and Streptomyces can also be present [20,34,35].
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A number of the constitutive parts of microorganisms are found in dust. These include cell
membrane peptidoglycans and other peptides (proteases, heat-shock proteins, etc.) as well as
endotoxins from Gram-negative bacteria and mycotoxins from fungi [20,36,37]. An experimental
study by Michel et al. [38] found low levels of mycotoxins such as tricothecene B, deoxynivalenol, and
zearalenone in suspended dust. The likely source of the mycotoxins was feed, ingested and excreted
in droppings.
5. Dust and Dust Components in Different Housing Systems
An overview of the literature regarding specific dust levels and dust components found in various
housing systems for laying hens is summarized in Table 1.
The papers mostly report respirable dust rates ranging from 0.1 mg/m3 in conventional cages to a
maximum of 1.19 mg/m3 in aviaries. Floor housing represents intermediate figures (0.37–0.848 mg/m3).
Dust levels are apparently similar in furnished and conventional cages. This could be explained by litter
not always being provided in furnished cages, as witnessed in field studies [39]. Reported levels of total
and inhalable dust vary, even within the same system category, depending on the study. The level of total
dust is found to be higher in floor systems compared to cages (e.g., around 12 mg/m3 in floor systems
and 2.4 mg/m3 maximum in cages). Endotoxins are reported in very variable levels and comparison
across studies is difficult due to the use of different units of measure (ng/m3 or EU/m3). Nevertheless,
endotoxin levels, as dust levels, appear to be more important in alternative systems compared to cage
systems. The same trend is seen for bacteria, with a specific increase in aviaries.
Table 1. Dust levels and components found in various systems for laying hens.
Reference
Dust
Components
Measurement
Technique
Conventional
Cage
Furnished
Cage
Floor Housing
Aviary/
Perchery
Zhao et al. [40]
Inhalable
dust
(mg/m3)
TEOM 0.59 0.44 - 3.95
Respirable
dust
(mg/m3)
TEOM 0.035 0.056 - 0.41
Le Bouquin
et al. [39]
Respirable
dust
(mg/m3)
CIP 10 - 0.13 0.37 1.19
Huneau-Salaün
et al. [41] *
Endotoxins–
experimental
(EU/m3)
-
98
(51–470)
-
565
(362–1491)
Endotoxins- field
measures
(EU/m3)
- 78–576 - 35–3156
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Table 1. Cont.
Reference
Dust
Components
Measurement
Technique
Conventional
Cage
Furnished
Cage
Floor Housing
Aviary/
Perchery
Rimac
et al. [42]
Total
dust
(mg/m3)
SKC pump - 0.35 - -
Total
fungi
(cfu/m3)
- 1.27 ˆ 104 - -
Endotoxin
(EU/m3)
- 233.8 - -
Nimmermark
et al. [43]
Total
dust
(mg/m3)
-
2.3
(2.05–2.48)
12 (6.84–17.65)
1.8
(0.71–2.58)
Bacteria
(107
cells/m3)
-
1.6
(1.1–2.2)
8.8 (8.0–9.6) 2.8 (2.2–3.4)
Saleh [44] *
Inhalable
dust
(mg/m3)
IOM
1.22
(0.24–2.27)
1.5
(0.44–3.48)
-
3.69
(1.3–9.5)
Respirable
dust
(mg/m3)
Cyclone
0.34
(0.01–1.3)
0.24
(0.01–0.99)
-
1.67
(0.2–4.4)
Bacteria
(cfu/m3)
IOM
5.1
(0.2–22)
1.7
(0.09–4.1)
- 25 (5.1–81)
Fungi
(cfu/m3)
IOM
1177
(90–7226)
1490
(140–20,395)
-
2455
(142–10,885)
Inhalable
endotoxins
(EU/m3)
373
(47–1222)
865
(50–3303)
-
1992
(237–3623)
Respirable
endotoxins
(EU/m3)
328
(9–759)
80 (5–243) -
971
(18–1827)
Michel
et al. [38] *
Dust
(mg/m3)
CIP 10 1 - - 5–14
Trichothecene
(µg/kg)
50 - - 20–30
Deoxynivalenol
(µg/kg)
60–320 - - 20–80
Zearalanone
(µg/kg)
- - - 45
Saleh
et al. [45]
Bacteria
winter
(cfu/m3
ˆ 106)
IOM 0.25 - 0.39 2.16
Bacteria
summer
(cfu/m3
ˆ 106)
IOM 0.38 - 0.12 0.56
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Table 1. Cont.
Reference
Dust
Components
Measurement
Technique
Conventional
Cage
Furnished
Cage
Floor Housing
Aviary/
Perchery
Michel and
Huonnic [46] *
Bacteria
(log
cfu/m3)
1.35 - - 3.8
Ellen
et al. [47]
Total
dust
(mg/m3)
1.51 - 7.33 7.6
Seedorf
et al. [17]
Endotoxins
(ng/m3)-UK
IOM 549.2 - 2815.9 -
Endotoxins
(ng/m3)-NL
IOM 20.8 - 431.3 -
Endotoxins
(ng/m3)-DK
IOM 116.0 - 265.3 -
Larsson
et al. [48]
Total
dust
IOM 2.4 - - 4.1;4.8
Endotoxins 106 - - 96;125
Takai
et al. [49]
Inhalable
dust
daytime
(mg/m3)
IOM 1.51 - - 7.33
Inhalable
dust
nighttime
(mg/m3)
IOM 0.86 - - 2.82
Takai
et al. [50]
Inhalable
dust
(mg/m3)
IOM
1.22
(0.75–1.64)
- - -
Respirable
dust
(mg/m3)
Cyclone
0.14
(0.03–0.23)
- - -
Wathes
et al. [51]
Inhalable
dust
(mg/m3)
IOM 1.7 - - 2.8
Respirable
dust
(mg/m3)
Cyclone 0.1 - - 0.17
Dust measurement techniques; TEOM (Model 1400a, Thermo Fisher Scientific Inc., Waltham, MA USA),
CIP 10 (Inhalable and respirable models, ARELCO, France), IOM (personal dust sampler, SKC Inc., Eighty
Four, PA, USA), Cyclone (Respirable dust sampler, SKC Inc.); all measurements were taken in the animal
room. * denotes references reporting results based on experimental facilities.
To sum up, dust levels and the bioactive components of dust are generally found to be much higher
in loose housing systems compared to cages. Only two studies [40,44] have compared conventional and
enriched cages, and they found no significant difference between these two cage systems. However, in
one of the two studies [40], no litter was available for the hens in the cage.
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6. Factors Affecting Dust Levels
The amount of airborne dust in a hen house depends upon the animals’ access to litter, its quality, and
the birds’ activity level. These factors are greatly influenced by the housing system [17,46,47,52,53].
Furthermore, the concentration of suspended dust decreases in direct proportion to the height above the
floor [52]. As a result, floor-raised birds are exposed to the highest concentrations of dust in the room,
much higher than those experienced by the poultry workers.
Houses where broiler chickens are housed with access to litter have higher numbers of both respirable
(<5 µm) and larger particles suspended in the air compared to keeping them on a netting floor [30,52].
Studies indicate that housing systems where laying hens have access to litter—especially floor housing
systems and aviaries—consistently have higher concentrations of suspended dust and its components
compared to cage systems where hens have little or no access to litter [38–41,43,45–47,53,54]. This is
as expected, considering the fact that a large proportion of the dust in loose housing systems originates
from the litter.
Peaks of dust concentrations are measured during times when the birds are very active, because their
activity raises settled dust [55]. In aviary systems dust levels have been shown to be significantly higher
in the afternoon than in the morning, owing to the hens’ dust-bathing behavior [47,56,57], and also
after the light is turned on [41]. In general, laying hens are more physically active at higher light
intensities [41,58]. Similarly, the feeding system and management may influence bird activity, and
therefore affect the concentration of suspended dust. Schierl et al. [59] found that levels of suspended
endotoxins had a diurnal variation, with daytime concentration being 14 times that of nighttime. The
authors attributed this to animal activity when feeding. Poultry species, breed, and age affects activity.
Consequently, suspended dust concentrations are usually low in broiler chicken flocks (relatively inactive
birds), and higher in pullet loose-rearing (more active) and in guinea fowl (very nervous and active) [60].
The activity of the stockperson also plays a role in the suspension of dust [38,61].
Another important factor affecting dust levels is the relationship between temperature, humidity, and
activity. Both in cages and in loose housing systems, average aerial dust concentrations have been
found to be positively correlated with indoor air temperature and negatively to relative humidity [41].
Koon et al. [30] found that the quantity of dust produced by caged layers was low at 10 ˝C (50 ˝F),
increased to a high level at 16 and 21 ˝C (60 and 70 ˝F), and then decreased as the temperature
approached 38 ˝C (100 ˝F). The authors suggested that this was caused by increased bird activity at
the medium temperature. For broilers kept on litter, there was, on the contrary, a distinct decline
in dust production for birds kept at 32 ˝C (90 ˝F) compared to 16 and 24 ˝C (60 and 75 ˝F); the
authors attributed this to an increase in absolute humidity (the relative humidity was the same at all
temperatures) [30]. Also, according to Grub et al. [62], dust production by layers on litter is a function
of e.g., air moisture. The finding that dust levels dropped as air moisture increased appears to support this
conclusion with regards to floor systems, but this was not the case in barren cages [30]. An explanation
for this discrepancy might be that dust in litter systems contains absorbent particles from wood shavings,
which when moist will cause aggregation and settling.
Dust levels may also be affected by the use of ventilation to maintain a precise temperature inside
the house [38]. The aerial concentration of bacteria decreases in the summer [45], probably because of
the increased ventilation rate. Practical experience indicates that the dust-reducing effect of ventilation
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varies between buildings, and that commonly used air-mixing ventilation systems may not be able to
reduce dust levels significantly (Nimmermark, pers. comm.).
Gustafsson and von Wachenfelt [63] reported that the type of litter material to some extent affected
dust levels in loose housing systems; gravel resulted in higher dust levels compared to chopped straw,
peat, and wood shavings. Dust bathing behaviors in furnished cages were more frequently seen in baths
with sawdust than with sand [64]; however, no publication was found on the effects of various types of
litter and litter management in furnished cages in relation to air quality.
7. Consequences for Birds
7.1. Health
Dust may have direct and indirect negative health effects and, thus, affect welfare [65].
Airborne microorganisms are frequently attached to dust particles. These microorganisms may be
directly pathogenic or release toxins, meaning that dust in a poultry house may serve as a pathogen
disseminator in addition to making the animals more susceptible to normally non- or low-pathogenic
microorganisms. According to Wolfe et al. [66], dust increased the number of turkey condemnations
at slaughter due to infections of the air sacs. Broilers raised on litter were also observed to have a
higher incidence of lung damage ascribed to infection than that of broilers raised on netting floors [52].
Microorganisms following non-respirable dust clogging up the birds’ head may cause infections in the
nares and upper respiratory tract [52].
Many of the organic dust particles are antigenic and can activate both the innate and the adaptive
immune systems. This antigenicity may result in an inflammation of the exposed areas. Antigens and
allergens that can induce allergic reactions include mites, pollen, fungi, and even components of animal
origin in the farm environment [36,67,68].
Human and animal studies have demonstrated that exposure to organic dust can sensitize the lungs
and may lead to hypersensitivity reactions [37,69] and respiratory diseases. Dust may impair lung
clearance mechanisms and depress immune response to infection [69–72]. Michel and Huonnic [46]
found pulmonary lesions of parabronchitis at the end of laying period to be more extensive and severe in
birds in aviaries than in caged hens. This was thought to be a result of the differing dust concentrations,
with respective maximum levels of 31.6 mg/m3 and 2.3 mg/m3. Riddell et al. [72], found that when
comparing warm (27 ˝C) and cool (16 ˝C) poultry houses, more than 50% of the broiler chickens in
warm rooms had microscopic lesions in the bronchi of their lungs, whereas fewer than 5% of chickens
in cold rooms had such lesions. Large dust particles were visible in some of the lesions. The increased
incidence of lung lesions in chickens from warm rooms was interpreted to be due to mouth-breathing
rather than being a result of the higher dust levels in the air of these rooms. The mouth-breathing allowed
the dust to penetrate deeper into the respiratory system by bypassing the natural filtration of the sinuses.
Dust might make the respiratory system more susceptible to even non-pathogenic microorganisms.
Oyetunde et al. [73] showed that normally harmless E. coli had pathogenic effects on the respiratory
system of four-week-old chicks when combined with sterile dust with a mean concentration of
101 mg/cm3 to 103.72 mg/cm3.
Interestingly, despite the fact that Madelin and Wathes [52] found a higher load of dust and
microorganisms in litter houses, and also a higher incidence of lung damage and living microorganisms
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present in the broilers’ lungs at necropsy, there was no significant effect on mortality. Actually the birds
raised on litter tended to have lower mortality. More air sac lesions and even lower mortality was found
for turkeys kept on litter [74].
7.2. Behavior
No studies have been found describing the effects of dust on poultry behavior. However, it cannot be
ruled out that birds, like humans, experience discomfort when dust clogs the upper respiratory passages
and causes irritation of the eyes and nose.
7.3. Production
Whereas high production does not necessarily imply good welfare, reduced production may indicate
a welfare problem [65]. Only one study has been found dealing with the effect of dust on production
parameters. Madelin and Wathes [52] found significantly better food utilization in broiler chickens kept
on litter compared to a netting floor, despite a higher load of dust and microorganisms in litter houses.
8. Discussion
The alternative housing systems for laying hens undoubtedly provide the animals with resources
highly important to their welfare, as reviewed by EFSA [1]. For example, access to litter is of utmost
importance for hens to display motivated behaviors such as dust bathing or scratching. At the same
time, access to litter is also a classical example of the dilemma arising when solving a welfare concern,
e.g., by allowing motivated behaviors, may give rise to other welfare problems, e.g., due to poor air
quality. The challenge is to keep the welfare benefits of the alternative systems while avoiding other
welfare problems.
This paper offers a review of the available literature on potential animal welfare challenges related
to dust in the housing systems for laying hens that became compulsory in 2012. There is considerable
evidence that providing laying hens with litter material increases the amount of suspended dust in the
poultry house. Not surprisingly, a high dust level in the new systems is also a concern for the health
of poultry workers [41]. Large litter areas and high activity levels contribute to generally high levels
of suspended dust in loose housing systems. There are very few studies that have looked at dust levels
in furnished cages, but in general, dust levels seem to be lower in these than in loose housing systems
and comparable to those in conventional cages. There are several possible explanations for this: the
activity level of the birds is lower in cages than in loose housing systems, it is common (and legal) to
restrict birds’ access to the dust bathing area to prevent misplaced eggs, and not all farmers renew the
dust bathing material regularly, if at all. In addition, studies have revealed that dust bathing behavior
in enriched cages is often disrupted [75] and a large proportion (30%) of the birds never enter this
compartment [65]. In some litter box designs, the litter is displaced from the compartment during dust
bathing, resulting in the litter not being available for the next bird. This may be one explanation for the
lower dust levels in furnished cage systems. This has led to the question of whether the furnished cages
as they are designed and managed do fulfill the individual bird’s dust bathing motivation. This illustrates
the need for system refinement.
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The literature review shows that dust levels are sometimes high, also the inhalable and respirable
fractions. This is also the case for pollutants attached to dust particles such as bacteria, endotoxins, fungi,
and mycotoxins. Sensitization or depression of the immune function and even lesions in the respiratory
system, as a result of exposure to dust, have been demonstrated. The intensity of the experienced
discomfort caused by dust is difficult to evaluate. Although the discomfort may not be very severe,
the duration of exposure is relevant to animal welfare and should be considered, especially considering
the longer life span of laying hens compared to meat poultry. Thus, health problems that have been
documented in broiler chickens and turkeys may be an even greater welfare problem for laying hens.
The benefits and drawbacks of the system in question should not be considered inherent and
unchangeable. Rather, the superior aspects of each system and the cause of the major problems in that
system should be assessed and understood. In this respect, it is interesting to note that environmental
enrichment (litter versus netting floor) led to reduced mortality and enhanced productivity despite the
documented pathological changes in the respiratory system [53]. This illustrates the complexity of the
interactions between animals and their environment.
The new legislation requiring access to a nest, litter, and perches has a profoundly positive effect on
vital aspects of animal welfare in laying hens [1], in particular when emphasizing the behavioral aspects
of animal welfare. Nevertheless, there is an immediate need to solve the challenges regarding the aerial
environment in order to safeguard the intended welfare benefits of the recent ban on conventional cages.
In order to introduce effective preventive measures against dust, there is a need for more knowledge of
housing design, technical systems for ventilation and dust removal, litter material that produces little
dust, and management routines. The large variation found within systems regarding levels of dust and
its components indicate that improvements are within reach. For example, by spraying water with 10%
rapeseed oil over the manure storage bins, dust concentration was reduced by 30%–45% [65]. Zheng
et al. [76] showed that spraying slightly acidic electrolyzed water in an experimental aviary laying-hen
housing chamber significantly reduced airborne culturable bacteria. On the other hand, the treatment
did not succeed in reducing airborne particulate matter. Nevertheless, this is a promising technique
for alleviating the adverse health impacts of bioaerosols in aviary laying-hen housing systems for both
animal and workers. Ogink et al. [59] showed that spraying water in aviary air decreased the level of
fine dust but enhanced ammonia emissions and odor. In conclusion, the use of aerosolized water (or
solutions) should be investigated and refined as a possible method for the reduction of dust emission in
laying hen systems.
9. Conclusions
In two articles we have reviewed the available literature on potential welfare challenges related to high
levels of dust (reported here) and ammonia (reported in Part II) in the alternative housing systems. There
are gaps in knowledge on how laying hens react to dust, gases, and bioaerosols in the short and long term,
what levels they find aversive and/or that impair health, as well as any additive or synergistic effects of
dust and gases. The findings of Oyetunde et al. [73] show that there may be a substantial synergism in
the effects of the various components that reduce the air quality. The uniqueness of the avian respiratory
system means that studies conducted on mammals cannot readily be transferred to poultry. To find
durable solutions to improve hen welfare in the new housing systems, the aerial environment has to be
Animals 2015, 5 506
addressed. There is an urgent need for basic as well as applied research to reduce levels of dust and aerial
pollutants in hen housing systems that are designed to increase welfare by allowing motivated behaviors
in more complex environments. Thus, multi-criteria approaches that include information regarding hen
health and behavior should be employed.
Acknowledgments
The authors thank the anonymous referees for helpful comments improving the quality of
the manuscript.
Author Contributions
All authors have contributed to research and writing of the manuscript.
Conflicts of Interest
The authors declare no conflict of interest.
References
1. European Food Safety Authority. Opinion of the scientific panel on animal health and welfare
(AHAW) on a request from the commission related to the welfare aspects of various systems of
keeping laying hens. EFSA J. 2005, 197. [CrossRef]
2. European Commission. Attitudes of EU citizens towards the welfare of farmed animals. Available
online: http://ec.europa.eu/food/animal/welfare/survey/sp_barometer_aw_en.pdf (accessed on 28
May 2015).
3. National Farm Animal Care Council. Codes of practice. Poultry-layers. Available online:
http://www.nfacc.ca/codes-of-practice/poultry-layers (accessed on 28 May 2015).
4. The Poultry Site. Joint proposal for national layer housing rules. Available online:
http://www.thepoultrysite.com/poultrynews/23063/joint-proposal-for-national-layer-housing-rules/
(accessed on 31 May 2015).
5. David, B.; Mejdell, C.M.; Michel, V.; Moe, R.O. Air quality in alternative housing systems may
have an impact on laying hen welfare. Part II. Animals 2015. submitted.
6. Brambell, F.W.R. Report of the Technical Committee to Enquire into the Welfare of Animals Kept
under Intensive Livestock Husbandry Systems; Her Majesty’s Stationery Office: London, UK,
1965; p. 11.
7. FAWC. Annual Review 2006/2007; Farm Animal Welfare Advisory Council: London, UK, 2007.
8. Terrestrial animal health code. Available online: http://www.oie.int/index.php?id=169&L=0
&htmfile=chapitre_aw_introduction.htm (accessed on 31 May 2015).
9. Dawkins, M.S. Behaviour as a tool in the assessment of animal welfare. Zoology 2003, 106,
383–387. [CrossRef] [PubMed]
10. Fraser, D. Biology of animal stress: Implications for animal well-being. J. Appl. Anim. Welf. Sci.
1999, 2, 157–159. [CrossRef] [PubMed]
Animals 2015, 5 507
11. Fraser, D. Assessing animal welfare at the farm and group level: The interplay of science and
values. Anim. Welf. 2003, 12, 433–443.
12. Powell, F.L. Respiration. In Sturkie’s Avian Physiology, 5th ed.; Whittow, G.C., Ed.; Academic
Press: San Diego, CA, USA, 2000; pp. 233–263.
13. Brown, R.E.; Brain, J.D.; Wang, N. The avian respiratory system: A unique model for studies of
respiratory toxicosis and for monitoring air quality. Environ. Health Perspect. 1997, 105, 188–200.
[CrossRef] [PubMed]
14. Bacha, W.J.; Bacha, L.M. Respiratory system. In Color Atlas of Veterinary Histology, 2nd ed.;
Bacha, W.J., Bacha, L.M., Eds.; Lippincott, Williams & Wilkins: Philadelphia, PA, USA, 2000;
pp. 176–191.
15. Plopper, C.G.; Adams, D.R. Respiratory system. In Dellmann’s Textbook of Veterinary Histology,
6th ed.; Eurell, J.A., Frappier, B.L., Eds.; Blackwell Publishing: Ames, IA, USA, 2006;
pp. 153–168.
16. Louhelainen, K.; Kangas, J.; Husman, K.; Terho, E.O. Total concentrations of dust in the air during
farm work. Eur. J. Respir. Dis. Suppl. 1987, 152, 73–79. [PubMed]
17. Seedorf, J.; Hartung, J.; Schroder, M.; Linkert, K.H.; Phillips, V.R.; Holden, M.R.; Sneath, R.W.;
Short, J.L.; White, R.P.; Pedersen, S.; et al. Concentrations and emissions of airborne endotoxins
and microorganisms in livestock buildings in Northern Europe. J. Agric. Eng. Res. 1998, 70,
97–109. [CrossRef]
18. Radon, K.; Danuser, B.; Iversen, M.; Monso, E.; Weber, C.; Hartung, J.; Donham, K.; Palmgren, U.;
Nowak, D. Air contaminants in different European farming environments. Ann. Agric. Environ.
Med. 2002, 9, 41–48. [PubMed]
19. Basinas, I.; Schlunssen, V.; Takai, H.; Heederik, D.; Omland, O.; Wouters, I.M.; Sigsgaard, T.;
Kromhout, H. Exposure to inhalable dust and endotoxin among Danish pig farmers affected by
work tasks and stable characteristics. Ann. Occup. Hyg. 2013, 57, 1005–1019. [CrossRef]
[PubMed]
20. Respiratory Health Hazards in Agriculture. Available online: https://www.thoracic.org/statements/
resources/archive/agriculture1-79.pdf (accessed on 3 February 2015).
21. INRS. Valeurs Limites D’exposition Professionnelle aux Agents Chimiques en France. Available
online: http://www.inrs.fr/dms/inrs/CataloguePapier/ED/TI-ED-984/ed984.pdf (accessed on 2
February 2015).
22. Dotterweich, H. Vergleich über den Weg der Atemluft in der Vogellunge. Z. Vgl. Physiol. 1930,
11, 271–284. [CrossRef]
23. Hazelhoff, E.H. Structure and function of the lungs of birds. Poult. Sci. 1951, 30, 3–10. [CrossRef]
24. Mensah, G.A.; Brain, J.D. Deposition and clearance of inhaled aerosol in the respiratory tract of
chickens. J. Appl. Physiol. 1982, 53, 1423–1428. [PubMed]
25. Hayter, R.B.; Besch, E.L. Airborne-particle deposition in the respiratory tract of chickens.
Poult. Sci. 1974, 53, 1507–1511. [CrossRef] [PubMed]
26. Corbanie, E.A.; Matthijs, M.G.; van Eck, J.H.; Remon, J.P.; Landman, W.J.; Vervaet, C. Deposition
of differently sized airborne microspheres in the respiratory tract of chickens. Avian Pathol. 2006,
35, 475–485. [CrossRef] [PubMed]
Animals 2015, 5 508
27. Maghirang, R.G.; Riskowski, G.L.; Christianson, L.L.; Manbeck, H.B. Dust control strategies for
livestock buildings—A review. ASHRAE Trans. 1995, 101, 1161–1168.
28. Wicklin, G.L.; Czarick, M. Particulate emissions from poultry housing. In Proceedings of the
ASAE Annual International Meeting, Minneapolis Convention Center, Minneapolis, MN, USA,
10–14 August 1997.
29. Aarnink, A.J.A.; Roelofs, P.F.M.M.; Ellen, H.H.; Gunnink, H. Dust sources in animal houses.
In Proceedings of the International Symposium on Dust Control in Animal Production Facilities,
Horsens, Denmark, 30 May 1999; Danish Institute of Agricultural Sciences: Horsens, Denmark,
1999; pp. 34–40.
30. Koon, J.; Howes, J.R.; Grub, W.; Rollo, C.A. Poultry dust: Origin and composition. Agric. Eng.
1963, 44, 608–609.
31. Martin, W.T.; Zhang, Y.; Willson, P.; Archer, T.P.; Kinahan, C.; Barber, E.M. Bacterial and fungal
flora of dust deposits in a pig building. Occup. Environ. Med. 1996, 53, 484–487. [CrossRef]
[PubMed]
32. Zhang, Y.; Nijssen, L.; Barber, E.M.; Feddes, J.J.R.; Sheridan, M. Sprinkling mineral oil to reduce
dust concentration in swine buildings. ASHRAE Trans. 1994, 100, 1043–4050.
33. Guillam, M.T.; Claude, C.; Dewitte, J.D.; Michel, V.; Sgala, C. Aérocontaminants et morbidité‚
chez les éleveurs de volailles. Arch. Mal. Prof. l’Environ. 2007, 68, 161–168. [CrossRef]
34. Sauter, E.A.; Petersen, C.F.; Steele, E.E.; Parkinson, J.F.; Dixon, J.E.; Stroh, R.C. The airborne
microflora of poultry houses. Poult. Sci. 1981, 60, 569–574. [CrossRef] [PubMed]
35. Lee, S.A.; Adhikari, A.; Grinshpun, S.A.; McKay, R.; Shukla, R.; Reponen, T. Personal exposure
to airborne dust and microorganisms in agricultural environments. J. Occup. Environ. Hyg. 2006,
3, 118–130. [CrossRef] [PubMed]
36. Douwes, J.; Thorne, P.; Pearce, N.; Heederik, D. Bioaerosol health effects and exposure assessment:
Progress and prospects. Ann. Occup. Hyg. 2003, 47, 187–200. [CrossRef] [PubMed]
37. Rylander, R. Lung diseases caused by organic dusts in the farm environment. Am. J. Ind. Med.
1986, 10, 221–227. [CrossRef] [PubMed]
38. Michel, V.; Huonnic, D.; Maurice, R.; Lenotre, Y.; Guillam, M.T.; Sgala, C. Qualité de
l’air en élevage expérimental de poules pondeuses: Caractérisation des composants aériens
et conséquences sur la santé humaine. Available online: http://journees-de-la-recherche-
foie-gras.org/PDF/B63-MICHEL-version-def.pdf (accessed on 1 February 2015).
39. Le Bouquin, S.; Huneau-Salaun, A.; Huonnic, D.; Balaine, L.; Martin, S.; Michel, V. Aerial dust
concentration in cage-housed, floor-housed, and aviary facilities for laying hens. Poult. Sci. 2013,
92, 2827–2833. [CrossRef] [PubMed]
40. Zhao, Y.; Shepherd, T.A.; Li, H.; Xin, H. Environmental assessment of three egg production
systems–part I: Monitoring system and indoor air quality. Poult. Sci. 2015, 94, 518–533.
[CrossRef] [PubMed]
41. Huneau-Salaun, A.; le Bouquin, S.; Bex-Capelle, V.; Huonnic, D.; Balaine, L.; Guillam, M.T.;
Squizani, F.; Segala, C.; Michel, V. Endotoxin concentration in poultry houses for laying hens kept
in cages or in alternative housing systems. Br. Poult. Sci. 2011, 52, 523–530. [CrossRef] [PubMed]
Animals 2015, 5 509
42. Rimac, D.; Macan, J.; Varnai, V.M.; Vucemilo, M.; Matkovic, K.; Prester, L.; Orct, T.; Trosic, I.;
Pavicic, I. Exposure to poultry dust and health effects in poultry workers: Impact of mould and
mite allergens. Int. Arch. Occup. Environ. Health 2010, 83, 9–19. [CrossRef] [PubMed]
43. Nimmermark, S.; Lund, V.; Gustafsson, G.; Eduard, W. Ammonia, dust and bacteria in
welfare-oriented systems for laying hens. Ann. Agric. Environ. Med. 2009, 16, 103–113.
[PubMed]
44. Saleh, M.; Seedorf, J.; Hartung, J. Inhalable and respirable dust, bacteria and endotoxins in
the air of poultry houses. Available online: http://www.researchgate.net/publication/242271530_
Inhalable_and_Respirable_Dust_Bacteria_and_Endotoxins_in_the_Air_of_Poultry_Houses (accessed
on 2 February 2015).
45. Saleh, M.; Seedorf, J.; Hartung, J. Zum Umfang des allgemeinen Luftkeimgehaltes in drei
verschiedenen Legehennenhaltungssystemen. Dtsch. Tierarztl. Wochenschr. 2003, 110, 394–397.
[PubMed]
46. Michel, V.; Huonnic, D. A comparison of welfare, health and production performance of laying
hens reared in cages or in aviaries. Br. Poult. Sci. 2003, 44, 775–776. [CrossRef] [PubMed]
47. Ellen, H.H.; Bottcher, R.W.; von Wachenfelt, E.; Takai, H. Dust levels and control methods in
poultry houses. J. Agric. Saf. Health 2000, 6, 275–282. [CrossRef] [PubMed]
48. Larsson, B.M.; Larsson, K.; Malmberg, P.; Martensson, L.; Palmberg, L. Airway responses in naive
subjects to exposure in poultry houses: Comparison between cage rearing system and alternative
rearing system for laying hens. Am. J. Ind. Med. 1999, 35, 142–149. [CrossRef]
49. Takai, H.; Seedorf, J.; Pedersen, S. Dust and endotoxin concentrations in livestock buildings in
northern Europe. In Proceedings of the International Symposium on Dust Control in Animal
Production Facilities, Aarhus, Denmark, 30 May–2 June 1999.
50. Takai, H.; Pedersen, S.; Johnsen, J.O.; Metz, J.H.M.; Groot Koerkamp, P.W.G.; Uenk, G.H.;
Phillips, V.R.; Holden, M.R.; Sneath, R.W.; Short, J.L.; et al. Concentrations and emissions of
airborne dust in livestock buildings in northern Europe. J. Agric. Eng. Res. 1998, 70, 59–77.
[CrossRef]
51. Wathes, C.M.; Holden, M.R.; Sneath, R.W.; White, R.P.; Phillips, V.R. Concentrations and emission
rates of aerial ammonia, nitrous oxide, methane, carbon dioxide, dust and endotoxin in UK broiler
and layer houses. Br. Poult. Sci. 1997, 38, 14–28. [CrossRef] [PubMed]
52. Madelin, T.M.; Wathes, C.M. Air hygiene in a broiler house: Comparison of deep litter with raised
netting floors. Br. Poult. Sci. 1989, 30, 23–37. [CrossRef] [PubMed]
53. Mårtensson, L. Respiratory hazards in houses for laying hens. In Human Sustainability in
Agriculture: Health, Safety, Environment; Lewis Publishers/CRC Press: Boca Raton, FL, USA,
1995; pp. 563–569.
54. Von Wachenfelt, E.; Odén, K.; Gunnarsson, S. Värphöns i Lågbeläggningssystem; Swedish
University of Agricultural Sciences, Department of Agricultural Biosystems and Technology:
Alnarp, Sweden, 2002; pp. 1–78.
55. Anderson, D.P.; Beard, C.W.; Hanson, R.P. Influence of poultry house dust, ammonia, and carbon
dioxide on the resistance of chickens to Newcastle disease virus. Avian Dis. 1966, 10, 177–188.
[CrossRef] [PubMed]
Animals 2015, 5 510
56. Lyngtveit, T.; Eduard, W. Støv i hus for Verpehøner: Betydningen av Bygninger, Innredninger og
Produksjonsfaktorer; ITF Rapport 34. Norges landbrukshøgskole, Institutt for tekniske fag: Ås,
Norway, 1992; pp. 1–43.
57. Ogink, N.; Harn, J.V.; Emous, R.V.; Ellen, H. Top layer humidification of bedding material of
laying hen houses to mitigate dust emissions: Effects of water spraying on dust, ammonia and
odor emissions. In Proceedings of the 2012 IX International Livestock Environment Symposium
(ILES IX), Valencia, Spain, 8–12 July 2012; p. 3.
58. Kjaer, J.B.; Vestergaard, K.S. Development of feather pecking in relation to light intensity.
Appl. Anim. Behav. Sci. 1999, 62, 243–254. [CrossRef]
59. Schierl, R.; Heise, A.; Egger, U.; Schneider, F.; Eichelser, R.; Neser, S.; Nowak, D. Endotoxin
concentration in modern animal houses in southern Bavaria. Ann. Agric. Environ. Med. 2007, 14,
129–136. [PubMed]
60. McLean, J.A.; Savory, J.; Sparks, N.H.C. Welfare of male and female broiler chickens in relation
to stocking density, as indicated by performance, health and behaviour. Anim. Welf. J. 2002, 11,
55–73.
61. Thelin, A.; Tegler, O.; Rylander, R. Lung reactions during poultry handling related to dust and
bacterial endotoxin levels. Eur. J. Respir. Dis. 1984, 65, 266–271. [PubMed]
62. Grub, W.; Rollo, C.A.; Howes, J.R. Dust problems in poultry environments. Trans. ASAE 1965, 8,
338–339. [CrossRef]
63. Gustafsson, G.; von Wachenfelt, E. Begränsning av Luftföroreningar vid Inhysning av Golvhöns;
Department of Agricultural Biosystems and Technology, Swedish University of Agricultural
Sciences: Uppsala, Sweden, 2004; pp. 1–58.
64. Wall, H.; Tauson, R.; Elwinger, K. Effects of litter substrate and genotype on layers’ use of litter,
exterior appearance, and heterophil: Lymphocyte ratios in furnished cages. Poult. Sci. 2008, 87,
2458–2465. [CrossRef] [PubMed]
65. Broom, D.M. Animal welfare: Concepts and measurement. J. Anim. Sci. 1991, 69, 4167–4175.
[PubMed]
66. Wolfe, R.R.; Anderson, D.P.; Cherms, F.L.; Roper, T.J. Effect of dust and ammonia air
contamination on turkey response. Trans. ASAE 1968, 11, 515–522. [CrossRef]
67. Iversen, M.; Pedersen, B. The prevalence of allergy in danish farmers. Allergy 1990, 45, 347–353.
[CrossRef] [PubMed]
68. Van Hage-Hamsten, M.; Johansson, S.G.; Zetterstrom, O. Predominance of mite allergy over
allergy to pollens and animal danders in a farming population. Clin. Allergy 1987, 17, 417–423.
[CrossRef] [PubMed]
69. Gilmour, M.I.; Taylor, F.G.R.; Wathes, C.M. Pulmonary clearance of Pasteurella haemolytica and
immune responses in mice following exposure to titanium dioxide. Environ. Res. 1989, 50,
184–194. [CrossRef]
70. Gilmour, M.I.; Taylor, F.G.R.; Baskerville, A.; Wathes, C.M. The effect of titanium dioxide
inhalation on the pulmonary clearance of Pasteurella haemolytica in the mouse. Environ. Res.
1989, 50, 157–172. [CrossRef]
Animals 2015, 5 511
71. Carpenter, G.A.; Smith, W.K.; MacLaren, A.P.C.; Spackman, D. Effect of internal air filtration on
the performance of broilers and the aerial concentrations of dust and bacteria. Br. Poult. Sci. 1986,
27, 471–480. [CrossRef]
72. Riddell, C.; Schwean, K.; Classen, H.L. Inflammation of the bronchi in broiler chickens, associated
with barn dust and the influence of barn temperature. Avian Dis. 1998, 42, 225–229. [CrossRef]
[PubMed]
73. Oyetunde, O.O.; Thomson, R.G.; Carlson, H.C. Aerosol exposure of ammonia, dust and
Escherichia coli in broiler chickens. Can. Vet. J. 1978, 19, 187–193. [PubMed]
74. Anderson, D.P.; Wolfe, R.R.; Cherms, F.L.; Roper, W.E. Influence of dust and ammonia on the
development of air sac lesions in turkeys. Am. J. Vet. Res. 1968, 29, 1049–1058. [PubMed]
75. Platz, S.; Heyn, E.; Hergt, F.; Weigl, B.; Erhard, M. Comparative study on the behaviour, health
and productivity of laying hens in a furnished cage and an aviary system. Berl. Munch. Tierarztl.
Wochenschr. 2009, 122, 235–240. [PubMed]
76. Zheng, W.; Li, B.; Cao, W.; Zhang, G.; Yang, Z. Application of neutral electrolyzed water spray for
reducing dust levels in a layer breeding house. J. Air Waste Manag. Assoc. 2012, 62, 1329–1334.
[CrossRef] [PubMed]
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).
